A model describing the dynamics related to the spreading of non-lethal infectious diseases in a fixed-size population is proposed. The model consists of a non-linear delay-differential equation describing the time evolution of the increment in the number of infectious individuals and depends upon a limited number of parameters. Predictions are in good qualitative agreement with data on influenza.
I INTRODUCTION
The dynamical laws governing the spreading of infectious diseases among a closed population are of interest mainly in the field of medical science. However, owing to the stirring of public opinion generated by the diffusion of lethal viruses, social issues are also to be considered. Indeed, much attention has been lately devoted to the study of the HIV virus, given its strongly lethal character, so that traditional mathematical models [1, 2] have been modified according to the characteristic features of this illness [3, 4] . More recently, SARS has had a great social and economic impact in the whole world [5] .
Even the most common non-lethal viral infections as, for example, influenza, are cause of some social distress, given their periodic appearance and their potentiality of being harmful to the weak exposed population. Classic models [6] give a fairly good description of the time evolution of infectious diseases. Most of the assumptions made in this traditional type of approach greatly simplify the analysis of the complex problem of the spreading of such illnesses among a certain number of individuals. However, in order to give account of the great variety of responses to the same viral infection and to distinguish among different social habits of different individuals, a network approach can be adopted [7, 9] . The topological issues addressed by the network approach are very important per se, since they find application in other fields, such as, for example, sociology [10] . In addition, they are useful in describing, more realistically, the problem and in defining the limits of validity of traditional models.
In the present work, we propose, under the same basic hypotheses of traditional models, a modified SIR (Susceptible-Infectious-Recovered) model. The time evolution of non-lethal infectious illnesses in a community of highly mobile individuals or, equivalently, in a population with different species uniformly distributed over the observation landscape, will be analyzed.
The paper will be organized in two main parts. In the first part we reconsider the equations governing the time evolution of SIR models by assuming that an individual, infected at time t, recovers after an interval of time τ , which is taken to be the same for every population member. The interaction between the S-I species is taken to be regulated by a constant statistical parameter π , while other horizontal cross-interactions are neglected. The time interval in which the S-species population is monitored, is assumed to be small, in such a way that the total number of individuals can be thought to be constant over the entire observation period.
In the second part of the present paper the resulting non-linear delay-differential equations [11] for the increment in the number of infected individuals are solved by standard numerical routines.
The duration of the disease as a function of a rescaled interaction parameter πˆ is plotted for different initial numbers of infectious individuals 0 µ and for different population sizes. Endemic-like and epidemic regimes for the infectious disease, as also found by means of traditional approaches [6] , are defined by introducing the cross-over value c πˆof the effective interaction parameter.
Conclusions are drawn in the last section, where further developments of the modified model are also discussed.
II THE MODEL
Let us consider a fixed size population of individuals, subdivided in three distinct species:
Susceptible (S-species); Infectious (I-species); Recovered (R-species). Assume that the mobility of each individual is such to cause a complete interaction among all members of the community within one monitoring time interval . Equivalently, one might also assume that the members of each species are uniformly distributed, at any time t, over the observation landscape. Under this hypothesis we can take the number of new infections t ∆ A µ ∆ , due to a non-lethal virus, to be given by the following relation [1] :
where ( ) 
where N is the total constant number of members in the community.
Let us now subdivide the time interval [ )
where n is a positive integer. For t , we define the number of individuals belonging to the S-, Iand R-species, respectively, as follows:
where the function counts the number of infected individuals in , up until time t, starting with a null initial count at ( ) t a n n I ( )τ 1 − = n t , i.e., for each lower bound of the interval , so that:
Notice that the term 
where the dot on top of the variable stands for its time derivative and where , n being an integer. For , Eq. (6) reduces to the following
, being defined only for positive integer indices. Eq. (6) thus shows that the dynamical problem can be described by means of a collection of non-linear coupled differential equations, each one defined on a time interval of length (t a n ) τ . However, we can postulate the existence of a function , which is continuous over the time domain and whose restriction on the time intervals is given by the following expression:
Notice that the requirement of continuity of the global function ( ) we can write:
We might extend the validity of the above expression to 1 = n , by defining the following zero-index 
] t a n t a t a n t a n n n n n n
By now solving for a in Eq. (7) 
In deriving the above equation we have made use of the following relations: 3a) ) and of (Eq. (7)) , we may write:
Given that the above relation should be valid also for 1 = n and for 0 = t , we have 
III SOLUTIONS AND RESULTS
In the present section we shall proceed to solve the non-linear delay-differential equations for the functions (Eq. (13)) in sequence and shall discuss the results. Let us then start by the first time interval . In this case we need to solve the logistic equation
with initial conditions ( ) 0 10 µ = m . We can thus immediately write down the solution to Eq. (19) [12] ( ) ( ) In the time interval , the differential equation in Eq. (13) 
Solution to the above equation can now be sought by utilizing the expression for in Eq. (20) and by using the initial condition 
( ) t m
Before presenting the outcome of the numerical integration, we might notice that, by defining the following normalized quantities:
Eq. (13) can be cast in the form
In Eq. (24) the role of the parameters π , N, and τ in the present model is clarified. Indeed, the dynamical behaviour of the system appears to be independent from the infectious period τ and from the population size N, since, from Eq. (24), the quantities τ and N simply rescale the infection rate vs. π curves shown in Fig. 5a , is also detectable in the vs. π curves reported in As a final comment we notice that the bell-shaped curve for the percentage of infected individuals is in good qualitative agreement with observed data for influenza [13] .
IV CONCLUSION
We have developed an analytic model to describe the time evolution of non-lethal infectious 
